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Abstract

Objectives—A number of studies have demonstrated a trophic effect of gastrin on pancreatic
cancer cells in vitro. Pernicious anemia is a clinical condition characterized by chronic
hypergastrinemia. The aim of this study is to determine if pernicious anemia is a risk factor for
pancreatic cancer.

Methods—This study is a retrospective cohort study using the Health Improvement Network
(THIN) database, which contains comprehensive health information on 7.5 million patients in the
United Kingdom from 1993-2009. All patients with pernicious anemia in the study cohort were
identified and composed the exposed group. Each exposed patient was matched on practice site,
sex, and age with up to four unexposed patients without pernicious anemia. The outcome was
incident pancreatic cancer. The hazard ratio and 95% confidence intervals (CI) were estimated
using multivariable Cox regression analysis.

Results—We identified 15,324 patients with pernicious anemia and 55,094 unexposed patients.
Mean follow up time was similar between groups (exposed 4.31 [standard deviation (SD) 3.38]
years, unexposed 4.63 [SD 3.44] years). The multivariable adjusted hazard ratio for pancreatic
cancer associated with pernicious anemia was 1.16 (95% CI 0.77-1.76, p=0.47).

Conclusions—There is no significant association between pernicious anemia and the risk of

pancreatic cancer.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer related
deaths worldwide.(1) Elucidating risk factors for the development of PDAC is important as
it could lead to new approaches to early diagnosis and potential therapeutic targets.

Pernicious anemia (PA) is an autoimmune condition with autoantibody-mediated destruction
of gastric parietal cells manifest primarily as achlorhydria and subsequent up-regulation of
serum gastrin production.(2) Gastrin is a trophic hormone secreted by gastric antral cells. It
may have a role in the development and growth of PDAC. In vitro studies of human PDAC
cell lines have demonstrated constitutive expression of gastrin.(3) Gastrin has been shown to
stimulate pancreatic cancer cell growth via binding to gastrin receptors with propagation of
pancreatic cancer growth in an autocrine fashion.(4, 5) Furthermore, over-expression of
gastrin can lead to increased tumor growth in xenografted PDAC cell lines while treatment
with gastrin receptor antagonists or decreased expression of gastrin receptors may inhibit
tumor growth and increase apoptosis.(6—9) However, the role of gastrin in pancreatic cancer
development remains controversial as other investigators did not observe abundant
expression of gastrin receptors in PDAC. (10-12)
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Two previous studies have reported a possible association between PA and PDAC. (13, 14)
However, both studies were limited by a small sample size and by the use of the expected
PDAC incidence in the general population as the reference.

In this study, we assess the association between PA and PDAC in a large population-based
cohort with a concurrent unexposed group without PA. We hypothesized that PA, via the
induction of hypergastrinemia, might be a risk factor for the development of PDAC. The
results of this study could have implications for other common clinical circumstances that
are associated with hypergastrinemia such as gastric acid suppressive therapy with proton
pump inhibitors (PPIs).

We performed a retrospective cohort study using The Health Improvement Network
(THIN), a large population-based electronic medical records database from the United
Kingdom (UK). This study was approved by the Institutional Review Board at the
University of Pennsylvania and by the Scientific Review Committee of THIN.

The THIN database contains comprehensive electronic medical records data on
approximately 7.5 million patients seen by general practitioners in 415 practices in the UK
between 1993 and 2009. The demographic and geographic distributions of the THIN
population are similar to those of the general population within the UK. The THIN database
includes data on patient demographics, medical diagnoses, and prescription drug
information. Each medical diagnosis entry is associated with a date of diagnosis. All
diagnostic codes are stored in the database using Read codes, and all medications are stored
using British National Formulary (BNF) codes. Several additional dates are noted in THIN:
registration date is the date when patients were first registered with a practice; vision date is
the date that the practice began using the In Practice Visions software, the electronic medical
record software that collects information for the THIN database; the acceptable mortality
rating (AMR) date defines the earliest date of optimal mortality reporting for that practice.
(15) All practices are instructed to follow the standardized protocol of entering information
and transmitting information to the central database. Data quality is monitored through
routine analysis of the entered data(16) and has been found to be suitable for
epidemiological research.(17) Under the UK National Health Services, 98% of the UK
population receive their healthcare through general practitioners; therefore the data in THIN
reflect the general healthcare delivery pattern for the entire UK population.

Study cohort

All patients receiving care from a THIN practitioner from 1993 to 2009 were potentially
eligible for inclusion in the study. Patients were excluded if their registration status was
anything other than ‘acceptable’ (i.e., patients with incomplete documentation or out of
sequence date of birth, date of entry into the database, date of death, or date of exit from the
database; not male or female; not permanently registered). All patients with the diagnosis of
PDAC prior to the diagnosis of PA were excluded from the study.
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Exposed group

The exposed group consisted of all patients from the eligible study cohort with one or more
Read codes for PA. Follow-up time for the exposed group began at the date of first diagnosis
entry of PA, the date of registration, the vision date or the AMR date, whichever occurred
later, and ended at first diagnosis of PDAC or the end of follow-up in the THIN database,
whichever is earlier. End of follow up in the THIN database was represented by either exit
from the database, death, or discontinuation of practice enrollment in the database.

Unexposed group

The unexposed group consisted of a sample of patients from the remainder of the study
cohort without a diagnosis of PA. For each exposed patient, we identified all subjects in the
cohort without a diagnosis of PA who were of the same sex, from the same practice site, and
of similar age (+/- 2.5 years) as the matched exposed patient. These patients were
considered as eligible matched unexposed patients. The expected gain in statistical precision
by including more than 4 unexposed patients per exposed patient is generally limited; thus
for efficiency of analysis, we randomly selected up to 4 (i.e., all eligible unexposed patients
were included if there were fewer than 4 available) of these eligible matched unexposed
patients for each exposed patient.

The unexposed patients were assigned the same follow-up start date as their matched
exposed patient. Follow up time for the unexposed group ended at time of first diagnosis of
PDAC or at end of follow up in the THIN database, whichever is earlier. Unexposed patients
were assigned a similar start date as their counterpart exposed patients in order to ensure that
patients were followed for similar calendar periods.

Outcome of interest

The outcome of interest was diagnosis of PDAC based on Read codes. A previous study in
THIN demonstrated that the incidence of PDAC in THIN was similar to the incidence in the
entire population of the UK.(18)

Statistical analysis

The baseline characteristics at the start of follow-up were compared between the patients
with and without PA using chi square tests for categorical variables and t-tests for
continuous variables. The crude incidence of PDAC in each comparison group was
estimated by dividing the number of incident cases in the group by the total person-years of
follow-up in the same group.

Cox regression model was used to assess the association between PA and PDAC. Hazard
ratio (HR) was calculated with and without adjusting for covariate information. In addition
to sex and age, we examined the following covariates: body mass index (BMI) (ie., <20, 20—
25, >25, missing), the last recorded smoking status before the beginning of follow-up period
(ie., current, past, never, unknown), diabetes mellitus, chronic pancreatitis, and chronic
hepatitis B infection. These covariates were selected because they may be associated with
the risk of PDAC and in some instances PA.(19, 20) Diabetes mellitus, chronic pancreatitis,
and chronic hepatitis B infection were analyzed as covariates if they were present prior to
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the start of follow up. Potential confounders were included in the Cox model if the
prevalence of the confounder was >0.25% in either study group at the start of follow-up and
if its inclusion in the respective Cox model changed the sex- and age-adjusted HR by >10%.
This approach has been shown to be superior to other methods of selecting confounders in
observational studies.(21) The assumption of proportional hazards over time was tested
using the Schoenfeld test.

Secondary analyses

Results

Two secondary analyses were performed by varying the definition of the exposed or
unexposed group. In the first secondary analysis, only incident cases of PA were used in the
exposed group; exposed cases were restricted to those patients who had a PA diagnosis at
least one year after the date of registration. This secondary analysis was conducted because a
prior study showed that large database studies can overestimate incidence rates of disease in
the first year after registration.(22)

Second, to avoid potential selection bias, a subgroup analysis was conducted after
eliminating any unexposed patient with use of greater than one year of cumulative PPI
therapy. PPI therapy may lead to hypergastrinemia and is not indicated in patients with PA.

Our study included 15,324 exposed subjects, matched with approximately four times as
many unexposed patients, with a mean follow up of 4.63 years. The observed incidence of
PDAC in the unexposed group in this study was 37.28/100,000 person years. Thus, our
study was able to detect a HR of 1.7 with 80% power and alpha of 0.05 in our primary
analysis.

Table 1 shows the comparison of the exposed and unexposed groups. Mean age and sex of
patients were similar between the exposed and unexposed groups. Mean follow up time was
similar between groups (exposed, 4.31 [SD 3.38] years, unexposed 4.63 [SD 3.44] years).

Thirty incident PDAC cases were identified in the exposed group and 95 cases in the
unexposed group, yielding an incidence of 45.38/100,000 person years in the exposed group
and 37.28/100,000 person years in the unexposed group. The incidence of PDAC observed
in this study is comparable to the incidence of PDAC previously reported in the UK for
similar age groups.(23) In the 30 patients who had PA and developed PDAC, the mean
duration of PA prior the diagnosis of PDAC is 6.38 years with a SD of 5.10 years.

The unadjusted HR for the risk of PDAC associated with PA was 1.23 (95% CI 0.81-1.85,
p=0.33).

A priori, we decided to include age and sex in the final model. However, none of the other
potential confounders met our pre-specified confounder selection criteria (i.e., altering the
unadjusted HR by >10%). Thus, the final HR for PDAC associated with PA, after
adjustment for age and sex only, was 1.16 (95% CI1 0.77-1.76, p=0.47). The test for
proportionality was nonsignificant (p=0.17).
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The results from the two secondary analyses showed similar results as the primary analysis
(Table 2). The analysis restricting the exposed group to incident PA, defined as PA
diagnosed greater than 1 year after enrollment, yielded a sex- and age- adjusted HR for
PDAC associated with PA of 1.11 (95% CI1 0.69-1.79, p=0.67). Finally, after excluding all
patients who received greater than 1 year of cumulative PPI therapy, the sex-and age-
adjusted HR was 1.29 (95% CI 0.83-2.01, p=0.25).

Discussion

We observed no significant association between PA and PDAC in this large population-
based cohort study. From a mechanistic standpoint, this finding suggests that although
hypergastrinemia may affect the growth of pancreatic cancer cells in vitro, it may not be
involved in the initiation of PDAC.

In contrast to our findings, two previous studies suggested a moderately positive association
between PA and PDAC. (13, 14) However, both studies included a small convenience
sample of PA patients, raising the concern for potential selection bias. More importantly,
both studies estimated standardized incidence ratios based on the expected population
PDAC incidence. As such, neither study could adequately account for potential
confounding. Other studies have assessed the cancer risk in patients with PA and not found
an increased incidence of PDAC (24-26). With its large population-based study design and
the inclusion of a concurrent unexposed reference group, our study provides a more
definitive characterization of the association between PA and PDAC than these previous
studies.

Our results also have several clinical implications. There are other clinical conditions
resulting in serum hypergastrinemia such as chronic PPI therapy or atrophic gastritis
associated with H. pylori infection. The extent of hypergastrinemia in these conditions is
less pronounced compared to PA (27, 28). Therefore, the fact that we did not observe a
significant association between PA and PDAC would provide some reassurance that PPI
therapy, even at high doses, is unlikely to increase the risk of PDAC. Indeed a recent study
observed no significant association between PPI use and PDAC.(29) A previous study
assessing the relationship between H. pylori infection and PDAC demonstrated a statistically
significant association.(30) Our data would suggest that the mechanism underlying this
association is likely independent of hypergastrinemia.

There are several potential limitations to this study. BMI information was not available in a
substantial fraction of study patients. However, there is no established association between
BMI and PA, which is consistent with our finding that BMI was not a confounder.
Furthermore, in an exploratory analysis restricted to patients with available BMI data, BMI
also was not a significant confounder and there was no association between PA and PDAC
(data not shown). Additionally, we did not have information on alcohol intake. However,
there is no strong evidence that alcohol use would be associated with PA. Alcohol use also
has not been consistently associated with PDAC.(31, 32) Alcohol use may be associated
with PDAC through the induction of chronic pancreatitis, but chronic pancreatitis was not a
confounder in this study. The diagnoses of PA and PDAC were based on Read codes and
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there is a possibility of misclassification. However, the results did not change when we used
a more specific definition of PA exposure (i.e., newly diagnosed PA), arguing against the
presence of substantial misclassification of PA status. The observed incidence of PDAC in
this database was consistent with previously published PDAC incidence in the UK,(23)
supporting the validity of the PDAC diagnosis in our study. Our study included a mean
follow up time per patient of 4.31 and 4.6 years, respectively. This may pose one potential
limitation; there is the possibility that an association between PA and PDAC exists but is not
detected until longer duration of PA is present. In a study by Tally et al. assessing the risk of
colon cancer in a cohort of 150 patients with PA, the RR of colon cancer in any time period
(mean follow up of 11 years) was non-significant; however, the RR of colon cancer within
the first 5 years after diagnosis was found to be increased at 4.1 and this was statistically
significant (33). If pancreas cancer behaved in a similar fashion to colon cancer, we would
have expected to detect such an association. Finally, this is a retrospective study using a
population based medical database; there is the possibility of unidentified confounders
which may have caused residual confounding.

In summary, PA, a condition characterized by chronic profound hypergastrinemia, does not
appear to increase the risk of developing PDAC. As such, lower levels of hypergastrinemia
induced by PPI therapy are unlikely to increase the risk of PDAC.

Additional research needs to be conducted to evaluate the role of hypergastrinemia in
patients with established pancreatic cancer.
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Figure 1.
Patient selection flow chart
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Patient characteristics

Table 1

Characteristics Pernicious Non-pernicious p value
Anemia, anemia,
n=15,324 n=55,094
Mean Age (SD) 68.79 yrs (+/-17.36) | 66.66 yrs (+/-16.91) | p<0.001
Male (%) 4,874 (31) 16,787(31) p=.002
Current smokers (%) 3,561 (19) 12,672 (17)
Former smokers (%) 2,880 (23) 9,479 (23)
Non-smokers (%) 8,173 (53) 30,074 (55)
Missing smoking data (%) | 710 (5) 2,869 (5)
Mean BMI (kg/m?) 26.17 (+/- 5.40) 26.10 (+/— 4.72) p=0.223
BMI <25 (%) 5,054 (33) 15,770 (28)
BMI 25-30 (%) 3,734 (24) 13,054(24)
BMI >30 (%) 2,198 (14) 6,212 (11)
Missing BMI data (%) 4,338 (28) 20,058 (36)
DM (%) 2,031 (13) 2,900 (5.26) p<0.001
Chronic hepatitis B (%) 21(0.14) 63 (0.11) p=0.472
Chronic pancreatitis (%) 27(0.18) 26 (0.05) p<0.001
Pancreatic cancer (%) 30 (0.20) 95 (0.17) p=0.544
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